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? 1???? y ????????????x?????????????????? 2








+ (v r)v =  1

rp+ v + g (2.1)
4
?????? t, ?? x????????? v(t;x), ?? (t;x), ?? p(t;x), ????
? , ????? g = (0; g; 0)T ????????T ???????
??????? ???????? 0 ?????? 1 ????
 = 0 + 1 (2.2)
?????????? p????????? 0 ?????? p0(y)?????? p1(t;x)
????
p = p0 + p1 (2.3)
?????????? g ?  y ?????????????? p0 ? y ????????





????????????? 1; p1 ???? 0; p0 ????????
0  1 (2.5)
p0  p1 (2.6)

































+ (v r)v =   1
0







(r v) +r ((v r)v) =   1
0









v = (vx; vy; 0)
T ; r  v = 0 (2.10)
??????????????
rrf = 0 (2.11)
???? (2.9)???? 1?? 0?????
@
@t







?????????? (2.12)???? 2?????????? (2.11)????????
??
A rA = 1
2
r (A A) A (rA) (2.13)
r (AB) = A(r B) B(r A) + (B r)A  (A r)B (2.14)
???????????????
r (v rv) =r 1
2
r(v  v) r (v  (r v))
=  r (v  (r v))
=  v(r  (r v)) + (r v)(r  v)
 ((r v) r)v + (v r)(r v)
= (v r)(r v)  v(r  (r v))  ((r v) r)v (2.15)




(r v) + (v r)(r v)  v(r  (r v))  ((r v) r)v









??????????????????? v0 ???  ????
v0 = (y; 0; 0)
T (2.17)
????????v0 = y ??????????v1 ?
v1 = v   v0 (2.18)
6
??????r  v ????????????r  v0 ????????? ! ????
?????! ?
! r v1 =r v  r v0 (2.19)
????????? (2.19)??????
r v = ! +r v0 = !   ez (2.20)




+ (v r)(!   ez)  v(r  (!   ez))  ((!   ez) r)v







??????????????? (2.21)? z ?????????2??????????
??
v  ez = 0 (2.22)
???? (2.21)???? 2???? 4??????
(v r)(!   ez)  ez = (v r)(!z   ) (2.23)
 v(r  (!   ez))  ez = 0 (2.24)
 ((!   ez) r)v  ez = 0 (2.25)













???????? (2.21)? z ???
@!z
@t






???v1 ????????  ?????2 ?????? v1 = (v1x; v1y; 0)T ????
v1 ? ????










?????????? ????? (2.27)???? 2??????????

























+ f; !zg (2.29)
??????????ff; gg? Poisson??????





















??????????????????????? z ?? !z ??? ! ??????
2.1.2 ??????????? Poisson???
??????????? Poisson?????????? (2.19)?(2.28)??






































































????????00 ????? 0 ? y ???????? g ?????????????
??????????Boussinesq???????? 00 ??????????
?????? 3??























































0  x  Lx; 0  y  Ly (2.41)
????
x??????????????????????????????????????
????????x????? (x = 0; Lx)?????? f(t; x; y)??????????
??
f(t; 0; y) = f(t; Lx; y);
@f
@x
(t; 0; y) =
@f
@x





???????????????????? t = 0? x???????????????
?????
f(x; 0) = f(x; Ly) (t = 0) (2.43)
???????f(x; y)?????? t???????????????? f(x+ yt; y)
??????????????y ?????????????????????????
?????????
f(t; x; 0) = f(t; x+ Lyt; Ly);
@f
@y
(t; x; 0) =
@f
@y








??????????????????? (Fast Fourier Transform; FFT) ?????
????????????????????????????????????????
FFT????????????????????????????
??????????? (2.31)????????? Poisson??? (2.34) ?????
????? (2.40)????????????????????????
??????????????????
????????????????????????????????? x 2 [0; Lx]?
y 2 [0; Ly] ???????????????????????????????????
??????


























( Nky  m  Nky ) (2.49)
????













??? 3?? Poisson?? f; !g?











































f; !g = F 1
h
iky bkx;kyi  F 1 ikxb!kx;ky
+ F 1
h
 ikxbkx;kyi  F 1 ikyb!kx;ky (2.53)




????????? FFT ???????????? O  (Nkx logNkx)  (Nky logNky )
???????????????

















































 ikxbkx;kyi  F 1 ikyb!kx;kyi
=    k2x + k2y b!kx;ky   g0 ikxb1kx;ky (2.56)
????????????? (2.31)??????????? (2.56) ??????????
??????? v0 @!@x ??????????????????????????????
????





























 bkx;ky = b!kx;ky (2.58)
?????????????????? Poisson???????? (2.58)??????
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??? 3?? Poisson?? f; 1g????????????????????????
????????????????????????????
f; 1g = F 1
h
iky bkx;kyi  F 1 hikxb1kx;ky i
+ F 1
h
















































 ikxbkx;kyi  F 1 hikyb1kx;ky ii
= 00ikxbkx;ky     k2x + k2y b1kx;ky (2.63)
??????????????????????? (2.63) ?????????????




?????? x????? y ?????????????? (x; y)?????? t?
? (x + yt; y) ????????????????????????????????
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?????? (t; x; y) 7 ! (et; ex; ey)?






















@ex + @ey@y @@ey + @et@y @@et =  t @@ex + @@ey (2.67)
????????????????????????????????





















@ey @g@ex   @f@ex @g@ey
= gff; gg (2.68)
??????????????????? (2.31)?
@!









































eky(t)2 b!kx;ky   g0 ikxb1kx;ky (2.70)
????????eky(t) = ky   kxt???????????????????????
?????? (2.70)???????
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@ex2   2t @2@ex@ey + @2@ey2

 =  ! (2.71)
??????????? (2.71)???????????????
k2x +
eky(t)2 bkx;ky = b!kx;ky (2.72)























 ikxbkx;kyi  F 1 hieky(t)b1kx;ky ii




eky(t) = ky   kxt (2.75)
??? ky ???????? t ???? kxt ???????????????????
?????? kx ????? kxt?????????????eky(t)?????????
ky ???? kxt????????????????????????????????




????? ky ???????????? eky(t)??????????????????
?????????? ky ???????????????????? eky(t)?????
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? 2: ?????????????????????????????????????
?????????????????? > 0????kx ????  ky ?????








?? kxmin = 2=Lx ????ky > 0??????? kymin = 2=Ly ?????????




1. kxmint  kymin ???????????????
2. ?? ky ??????????????????? eky(t)???????????
????
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? 3: kxt ???????? ey ???????????kxt ???????????
????ey ?????????????
3. kxt??? 0????????
????????????????????? (2.64)? ey ????????????
??????t = 0? y ???????? ey ???????????????? x???
???????? ey ????? eky(t)??????????????????kxt??
?????????? ey ?????????????????????? 3? kxt??





????????? (2.70)???? 2??? 3??????? 2??? (2.74)????
2??? 3??????? 1?????????? Euler?? 2?? Adams-Bashforth
? (AB2)?3?? Adams-Bashforth? (AB3)???????????????????
?? (2.70)???? 1??? (2.74)???? 2???????????? Euler?? 2












x????? : h =
Lx
Nx




























???????????tn ?? tn+1 ????????? f(t)? Lagrange??????ef(t)??????? ef(t) ???? yn+1 ?













n+1   tn; 1 = tn   tn 1 (2.82)
? (2.82)???? yn ? yn 1 ? t = tn+1 ?????? Taylor??? t? 2????
????












































































????? (2.31)???????? (2.40)??????? AB2?AB3??? BDF2
?????? 2 ?????? 2 ?????????????????????????
???????? v0 ????????? 2:3??????????????????
? (2.31)?(2.40)? !?1 ???????? y(t)????????????????
? N (y)?????????????? L(y)????????
@y
@t
= N (y) + L(y) (2.89)
????????? (2.89)???????????????
???? 2 ??????????????????? 2 ?????? AB2 ? BDF2
?????????????????????????  ?  ??? 0 ???? AB2
??????????????N (y) ??? AB2 ???????N (y) ? y ?????
? t????????????f(t) := N (y(t))?????????? (2.81)? ef(t)?
(tn; fn) ? (tn 1; fn 1) ?????? 1 ?? Lagrange?????????? (2.82)?
??? ef(t)?
ef(t) = t  tn 1
tn   tn 1 f
n +
t  tn








?????????fn = f(tn) = N (y(tn)) ????????yn+1   yn ?? (2.90)?
???? (2.81)??
























































????????? (2.91)?????t???????????? 0;1 = t ???








?????? yn+1   yn 1 ?




























































































; 1 =  0
1
(2.95)
????????AB2??N (y)???????????? (2.89)? L(y)??? n+ 1
????????????? L(yn+1) = Lyn+1 ?????????L????????





n 1 = 0fn + 1fn 1 + Lyn+1 (2.96)
??????????????
yn+1 = (0   L) 1




? 2???????????? (2.89)???? BDF2???? (2.87)?N (y)????
AB3?L(y)? n+ 1??????????????? 2??????????????
?? AB3-BDF2??????????????? t????? (2.82)???????
0 = t
n+1   tn; 1 = tn   tn 1; 2 = tn 1   tn 2 (2.98)
???????N (y) ??? AB3 ???????? (2.81) ? ef(t) ? (tn; fn) ?
(tn 1; fn 1)?(tn 2; fn 2)?????? 2?? Lagrange?????????? (2.98)
???? ef(t)?
ef(t) = (t  tn 1)(t  tn 2)
(tn   tn 1)(tn   tn 2)f
n +
(t  tn)(t  tn 2)

















?????????yn+1   yn ?? (2.99)????? (2.81)??





































































?????????? (2.100)????? t???????????? 0;1;2 = t?
??










????yn+1   yn 1 ?





































































=  1(yn+1   yn)  2(yn+1   yn 1)
= 0f
n + 1f
n 1 + 2fn 2 (2.103)
?????????i (i = 0; 1; 2)?????
0 =
(0 +1)(20 + 31 + 32)
31(1 +2)
(2.104)













n 1 = 0fn + 1fn 1 + 2fn 2 + Lyn+1 (2.107)
??????????????






AB2??? 2??????????? AB3??????????????? 2????
??????? (2.91)??









yn+1 = yn + C0f
n + C1f
n 1 + C2fn 2 (2.110)














































































































????????????????? Poisson ?? [; !] = @@y
@!




























































+ f; 1g = @

@x








+ f; !g =  !   @1
@x



























????????????????????????!; ; 1 ?????
! = !^ei(kxx+kyy)+t
 = ^ei(kxx+kyy)+t (3.1)
1 = ^1e
i(kxx+kyy)+t
?????????????? (2.31) ???????? (2.40)???????????
? Poisson??? (2.34)?? (3.1)? 3????????? (2.31)?


























?????????????? (3.2)?? (3.3)?(3.4) ???????????????
???k2 = k2x + k2y ????














(k2 6= 0) (3.6)
28
????????2g = g00=0 ??? g ?????????????????????
??????????  ???? (3.6)??????
??? =  = D???? (3.6)?????  ????????? (3.6)?










???? ???????? + ????




















??? ? kx ! 0; ky = 0??????????????
3.2 ??????????????
?????  ? ?????????? (2.31)???????? (2.40)??????
????????? ? ????????????????????????????








??????Lx = ; Ly =  ??? x 2 [0; Lx]; y 2 [0; Ly]??????????
?? ! ??????
!(0; x; y) = 0 (3.12)
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???????? (0; x; y)?????? !(0; x; y)?????????
???? 1(0; x; y)?
1(0; x; y) = f + n (3.13)
?????????f ? 1??????????
f =  cos(2x+ 10y) (3.14)






0:1 (Rc cos(kxx+ kyy) +Rs sin(kxx+ kyy)) (3.15)
??????????Rc; Rs ??? ( 1; 1)???????
???? t ?? (2.76) ???????????????????????????
???????????????? C = 0:1 ?????????? h ?? (2.77) ???
vmax ?? (2.78)???????
2.4?????????????????? ; ;  ? 3?????????????
????????????????????????????  = 0???? ????
???????????  ?????????? g ????????????









???????????????????????? g ???? (3.16) ???????
???  ??????  ???????
??????????????????????????? ? ???
;  = 10 2; 10 3; 10 4 (3.17)
????? 3????? 4??????????????? ; ??????????
???? Sc ?????????? (3.17)???? ; ??????? 4? (a)  (i)?
?? 9??????????????
?????? ;  = 10 2 ??? (c) ? Nx = 256; Ny = 256 ????;  ??
??? 10 2; 10 3 ????? (b); (e); (f) ? Nx = 512; Ny = 512 ?????; 
?????? 10 4 ??????? (a); (d); (g); (h); (i) ?????????????
Nx = 1024; Ny = 1024????
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? 4: ?????  ???????? ?????????????? Sc ??????
; ??????(a)  (i)??? 9??????????????
3.2.2 ??????????
?????????? 4? 9??????????? t = 30???????????








????????????????? ! ????????????????? 1 ???
????????????
(c); (e); (g)????????? Sc = 1:0??????????????????? 
???????? ?????????????? ! ???????????? 1 ??
??????? ky ????????????????????????
??  ? ?????????????????(a); (b); (d)? Sc > 1???????
??????????  ?????????????????? ?????????
(b)? (e)? (a); (d)? (g)?????????????? ! ????????????
?????????????(a)??????? 1 ??????????? ! ????
31
? 5: ?????  ????????  ??????????? ! ?????? 1 ?
t = 30????????????????? !????????? 1 ?????
??
????????Sc = 1:0??????????????(a); (d); (g)????? ??
?????  ???????????????????? ! ????????????
????????????????? 1 ??????? ?????????????
???????????????????????????? 1 ? ????????
???????????????  ??????????????????
????(f); (h); (i)? Sc < 1???????????? ????? ??????
???(e) ? (f) ? (g) ? (h); (i) ?????? Sc > 1 ??????  ???????
????? 1 ?????????????????????????????????
(g); (h); (i)????????  ????????????????? ! ???????






??????Lx = ?Ly =  ??? x 2 [0; Lx]?y 2 [0; Ly]?????????
?? ! ??????
!(0; x; y) = 0 (3.19)
???????? ?????? !(0; x; y)????????????? 1 ?
1(0; x; y) = f + n (3.20)
?????????f ; n ?? (3.14)?(3.15)?????
????t?? (2.76)????????????????????????????
? C = 0:1?????? h?? (2.77)?vmax ?? (2.78)????????? (3.16)?
??????????????? g = 1:0????
?????????????????????????  ?????????????
????????????????????????????????????
 = 10 1?10 2?10 3 (3.21)
?????????????????????????????????????? ?
?? Sc = 1:0?????????
??????  = 10 1?10 2 ??? Nx = 256?Ny = 256??? = 10 3 ????
Nx = 512?Ny = 512????
3.3.2  = 10 1 ????????







j!(x; y)j2 dx dy (3.22)
??????????????? jb!kx;ky j2 ????????????? 6 ?????
















kx= 2 ky= 0
kx= 4 ky= 0
kx= 6 ky= 0
kx= 8 ky= 0
kx=10 ky= 0
kx= 0 ky= 2
kx= 0 ky= 4
kx= 0 ky= 6
kx= 0 ky= 8
kx= 0 ky=10
? 6:  = 10 1 ?????? b!kx;ky ??????????????????????
??? (? (3.22))???????????????????? jb!kx;ky j2 ????
?????
y ??????????????????????????????????? 6???
????? (2; 0)????????? [3]?
3.3.3  = 10 2 ????????
 = 10 2 ????????????????????? 7??? b!kx;ky ??????
???????????? 7???????????????????????????
?????????????????????????????
0  t  20????????
t = 0??  = 10 1 ?????????????????????????????
????????????????????????????? 8 ?? t = 10?t = 13















kx= 2 ky= 0
kx= 4 ky= 0
kx= 6 ky= 0
kx= 8 ky= 0
kx=10 ky= 0
kx= 0 ky= 2
kx= 0 ky= 4
kx= 0 ky= 6
kx= 0 ky= 8
kx= 0 ky=10
? 7:  = 10 2 ?????? b!kx;ky ??????????????????????
??????????????????????? jb!kx;ky j2 ?????????
??????? 7 ?????????t = 20 ???? x ????? vx ? y ?????
vy ??????????? 9 ????? 9??????? x????????????
??????????????? 9? (a)? y???????????? x??????
???????????????????????????????? (0; 2)?????
????? y ?????????????x????????????????????
??????????????????????????????????10  t  13
?????????????????????????
40  t  80????????
t = 40???? (0; 2)???????????????????????? t = 20?
?????????????????t = 40???? kx 6= 0????????????
????????t = 40???? x????? vx ? y ????? vy ????????
??? 10 ????? 10???? x???????????????????????
vx ? t = 20????????????????????????????x?????
35
? 8:  = 10 2 ???? t = 1  20????? ! ?????????
36
(a) x????? vx (b) y ????? vy
? 9: t = 20???? x?y ??????
(a) x????? vx (b) y ????? vy














kx= 2 ky= 0
kx= 4 ky= 0
kx= 6 ky= 0
kx= 8 ky= 0
kx=10 ky= 0
kx= 0 ky= 2
kx= 0 ky= 4
kx= 0 ky= 6
kx= 0 ky= 8
kx= 0 ky=10








(0; 2) ??? y ??????????????t = 160 ??????????????
? 11?? t = 180??? (2; 0)???????????????? (2; 0)??????
????????????????????????(2; 0)?????????????



















kx= 2 ky= 0
kx= 4 ky= 0
kx= 6 ky= 0
kx= 8 ky= 0
kx=10 ky= 0
kx= 0 ky= 2
kx= 0 ky= 4
kx= 0 ky= 6
kx= 0 ky= 8
kx= 0 ky=10
? 12:  = 10 3 ?????? b!kx;ky ??????????????????????
??????????????????????? jb!kx;ky j2 ?????????
3.3.4  = 10 3 ????????
 = 10 3 ????????????????????? 12??? b!kx;ky ?????
???????????????????????????  = 10 2 ????????
?? t = 0 ?????????????????????????????? (? 13)?
????(0; 2)???????????????????????x?????????
?????????????????????
? 12 ??  = 10 2 ????????(0; 2) ??????????????????
???????????????????????????? = 10 3 ??????
 = 10 2 ????????????????????????????????????
??????? 110 ???????????????
1
10 ??? (0; 2)?????????
?????????????
39










 = 0 ????????????? (2.31) ???? (@t + v0@x) ?????????
??v0 = v0(y)???????  = 0??????????????? (2.40) ????










????????eky(t) = ky   kxt????































?????????????? g ????????????  ??????? (4.5)?
??? b = C1tm+ + C2tm  (4.7)









b = 0 (4.9)
?????????????  = 
2
g






??????Lx = ; Ly =  ??? x 2 [0; Lx]; y 2 [0; Ly]???????????
? ! ??????
!(0; x; y) = 0 (4.10)




1(0; x; y) = f =  cos(2x+ 10y) (4.11)
 ?????????????????????
1(0; x; y) = 10
















nonlinear : 10-2 + noise




1(0; x; y) = f + n (4.13)
????f?n ?? (3.14)?(3.15)?????f ????  = 10 2 ????
???? t ?? (2.76) ?????????????????????????
C = 0:1?????????? h?? (2.77)???vmax ?? (2.78)???????
????????????? (3.16)???? g = 1:0??????  ???????
? ?????  = 10 3? = 10 3 ?????????????Nx = 256?Ny = 256
????????????????????????????????????????
?? t = 12??????????????????????????????????
????????????????????????  = 1:0????
4.2.2 ??????????
3 ?????????????????????? 14 ????? 14 ?????  ?
43
?????????????????????????????????? 10 3 ???
???? f ????????????????????????????? f ???
???????????????????? +??? (f + n)??????????
????????????????????????? (??)??????? 103 ??
?????????????
????????????????????????????????? (??)???
????????? (??)??????? 14????????????????? 103
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????  = 2g=2 = 1:0 < 2




















???????????????? 4.2.1??????????????? 1(0; x; y)
??
1(0; x; y) =
X
kx;ky
 (Rc cos(kxx+ kyy) +Rs sin(kxx+ kyy)) (4.14)
????????????????????(kx; ky) = (0; 0)????? 0???????
???????????????????????????????????????
????????????????????? Rc, Rs ???????????Rc, Rs ?
????










????????R?  1 < R < 1?????????????c = 10????????
????????  = 10 2 ????
???? t ???????????? g ??????4.2.1 ??????????
?????  ???????? ?????  = 10 3? = 10 3 ??????????
??? Nx = 512?Ny = 1024????????Ny ????????????????
??????????????? eky(t) = ky   kxt ????????????????
??????????
?????????????  = 1:0, 2:0? 2??????????????????
????????? ???????  = 1:0, 0:25?????????????????
4.3.2  = 1:0???????????
 = 1:0????????????????????????? 15??? b!kx;ky ??
????????????????????????????????????????
???? y ?????? eky(t) ????2.3??????????? eky(t)? y ????
???????????????????? 15??????????????????
?? kx 6= 0?????????????????? ky = eky(0)???????????
???????????????????????????
? 15 ????????????????????????????????????




















kx= 2 ky= 0
kx= 4 ky= 0
kx= 6 ky= 0
kx= 8 ky= 0
kx=10 ky= 0
kx= 0 ky= 2
kx= 0 ky= 4
kx= 0 ky= 6
kx= 0 ky= 8
kx= 0 ky=10
? 15:  = 1:0 ?????? b!kx;ky ??????????????????????
??? (? (3.22)) ???????????????????? jb!kx;ky j2 ???
??????
? 16 ? t = 20 ????? ! ???????? 16 ?????t = 6 ??????
??????????????????????t = 10 ????????????
t = 13????????????????????????? 16? t = 10?????
? (x; y) = (2:3; 2:7)??? Kelvin-Helmholtz???????????????????
Kelvin-Helmholtz???????????????????????????????
????????????????????????? [18]?
????t = 10 ?????????? Kelvin-Helmholtz ????????????
????????????????????????????????? 17 ? t = 10
??????????????? ! ???????????????????t = 8 ?
????????????????????????????????????? t = 8
???????????????????????????????????????
????????????? +x???????t = 8???????????????
??????????t = 8:7??????????????????????????
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? 16:  = 1:0 ??????????????? t = 3  20 ????? ! ????
t = 10; 13; 20 ???? Kelvin-Helmholtz ????????????????
???
47
? 17: t = 10????? Kelvin-Helmholtz???????????????????
??????????? ! ???????????????????
48
??t = 9:4 ???????? (x; y) = (0:5; 2:0) ?????????????????
?????????????????????????????????? t = 9:4??
???????t = 10 ?????????????? Kelvin-Helmholtz ??????
?????????????t = 10 ???????????????????????
((x; y) = (1:6; 2:5))???????????????????????????????
??? t = 10??????????????????????Kelvin-Helmholtz???
???????????????
? 17?? t = 10???? Kelvin-Helmholtz??????????? t = 8????






4.3.3  = 2:0???????????
?????????????????????????  = 2:0??????????
???????????? 18??? 20????? 18???????????????
?????????????????t = 3?????????????????????








? 20 ?  = 1:0? = 2:0 ????????????????? t = 3 ??????
?????????? jb!kx;ky j2 ??? (kx; ky) ??? 2 ??????????????
? 20??  = 1:0? = 2:0???????????????????????????
?  = 2:0?????????????????????????????  = 1:0??
















kx= 2 ky= 0
kx= 4 ky= 0
kx= 6 ky= 0
kx= 8 ky= 0
kx=10 ky= 0
kx= 0 ky= 2
kx= 0 ky= 4
kx= 0 ky= 6
kx= 0 ky= 8
kx= 0 ky=10




jb!kx;ky j2 ????????????????????? jb!kx;ky j2
?????????
???????????????Kelvin-Helmholtz????????????????
??????????????????? t = 3 ???????????? 21 ????
? 21???????? 0.12???????????????Kelvin-Helmholtz???










? 19:  = 2:0 ??????????????? 3  t  20 ????? ! ????
 = 1:0???????? Kelvin-Helmholtz????????????????
???????????
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(a)  = 1:0 (b)  = 2:0
? 20:  = 1:0?  = 2:0???????????? t = 3????????? jb!kx;ky j2
? 2???????


























? 22: ?? 20  t  90????  = 1:0????????????????????
?????????????????? 10  ky  100???? t = 30????
???????????????????????
???????? 4.3.2 ???????????????????????????
???????????  ?????????  ?????????????????
????????????????????????????????????????
4.4.1 ???????




 = 1:0???????????????????????????????? 22?



























? 23: ?? 20  t  90????  = 2:0????????????????????
????????????
?????????? 22?????????????  1:34????????????
????????????????????? 20  t  50?????????????
????????????????????????????????????????
???????? [12]?????t = 20??????????????????????
????????????????????????????????????????
????????????t  60?????????????????????????
??? ky = 2??????????????????????20  ky  60?????
??????????????????20  t  50???????????? t  60?
??????????????
????4.3.3???  = 2:0?????????????????????????
?????????????????????? 20  t  90????????????
????????????? 23????? 23??  = 2:0????????????
??????????????????????????????
???????????????????????? ky = 2?????? 22?? 23
?????????????  = 1:0?? jb!(ky = 2)j2 = 30  50?????????
????? = 2:0?? jb!(ky = 2)j2 = 10 5 ???????????????????
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???????????????????? 2???????????????????
????????????????????????????ky = 2???? 2???
??????????????????????????????
4.4.2 ??????????
???????????????? 4.2.1??????????????? 1(0; x; y)
?
1(0; x; y) =
X
kx;ky
 (Rc cos(kxx+ kyy) +Rs sin(kxx+ kyy)) (4.17)
????????(kx; ky) = (0; 0) ????? 0 ????Rc; Rs ????? (4.15) ??
????????
???????????? ?????????  ????????????????
?  ?????
??????? :  = 10 3?10 2?10 1
???????? :  = 0:5?1:0?1:5?2:0
(4.18)
???????? t???????????? g ??????4.2.1????????
???????  ????????  ?????  = 10 3? = 10 3 ???????
?????? Nx = 512?Ny = 1024????
4.4.3 ??????????








= 4 > 2 (4.19)
?????????????????????????? ?????  < 2?????
?????????????????????
????? = 0:5 ???  ????????????????????????
 = 0:5???????????????????????????????? ???
????????????????????????????????????????
????????????????????????????????????????
???  1:0 ?????????  ?????????????????????
????????????????????????????????????? 24?
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? 24:  = 10 1; 10 2; 10 3? = 1:0; 1:5; 2:0??????????????????
???????????
????????? 4.4.1????????????????????????????
????? 24?  = 10 1 ? 3?????  = 1:0;  = 10 2 ????????????
????????????????????????????????????????
?? 10  ky  100????????????????? = 1:0;  = 10 2 ?????
t = 30??? = 1:0;  = 10 1 ?? t = 20??? = 1:5; 2:0;  = 10 1 ?? t = 60
????????????????????????????????????????
???ky = 2???????????????????? jb!(ky = 2)j2  10 ????
????? 2??????????????????????????????????
????????????????????????????????????????
? 24?  = 1:5; 2:0;  = 10 2 ? 2??  = 10 3 ? 3??????????????
???????????????????????????????????ky = 2?
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? 25: ???????  ?????????  ?????????????????
????????????????????????????????????
?????????????





????????? = 1:0 ????  = 10 3 ? 10 2 ???? = 1:5; 2:0 ????
 = 10 2 ? 10 1 ????????????
?????????????????????????????????????
??????????????????????? 26 ?  = 10 2? = 1:0 ???
t = 1:0???????????  = 10 1? = 1:0? t = 1:0???????????





(a)  = 10 1 ???? (b)  = 10 2 ????






??????????????????????? 3?? Adams-Bashforth?? 2??
????????????????????
? 3????+y ???????????  y ??????????????????
???????????????????????????????????????
????????????????????????????? x????? kx ???
??y ?????? ky = 0???????????????????????????
???????????  ????????????????????  ??????
???????????????????? ! ?????? 1 ???????????
? ?????????????????????????????????  ? ?
????????????????????? ? ????????????????
??  ????????????????????????????? = 10 1 ???
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????????????????? kx ?????ky = 0????? (kx; ky) = (2; 0)
???????????????????????????????? y???????
??????????????????????? [3]? = 10 2 ??????????
????????????????????????????????(kx; ky) = (0; 2)
???????????????????????????????????????
????????????????(kx; ky) = (0; 2)?????????????? x?
???????????????????????????????????????
???????????????????????? (kx; ky) = (0; 2)????????
?????x??????????????????????????????????
????? = 10 1 ????????? (kx; ky) = (2; 0)?????????????
?????????????????????? = 10 3 ?????????????
 = 10 2 ???????????????????? (kx; ky) = (0; 2)???????
????????????????????????????? = 10 3 ??????
????????? (kx; ky) = (0; 2)???????????????????????
???????????????
? 4????? 3????? +y ???????????  y ???????????
?????????????????????? y > 0? +x?????y < 0?  x?
????????????????????????????????????????
????????????????????????????????????????
???????? g ?????????  ?? ?  = 2g=2 < 2????????
?????????? [2]????????????????????????????
????????????????????????????????????????
????????????g = 1:0???  = 1:0; 2:0??????????????
??????????????????? = 1:0?????????????????
??????????????? jb!kx;ky j2 ? x?????? kx 6= 0?????????
????????????????????????????????????????
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